New 4oAr/ 39Ar and published K-Ar ages show that the locus of volcanism along the Easter Volcanic Chain (EVC) has shifted systematically from the Nazca Ridge, at about 26 m.y., to the recently active Sala y Gomez Island/Easter Island region. This indicates a plume rather than a hotline (i.e., mantle roll) origin for the EVC. The time-space distribution of ages, combined with published ages for the Galapagos and Juan Femandez volcanic chains, is used to reconstruct Nazca plate velocities over the past 26 m.y. A plume now located in the region of Sala y Gomez Island is most compatible with these data. West of the plume, the EVC records neither Nazca nor Pacific plate motions. This section of the EVC may be related to westward channeling of plume material to the Pacific-Nazca spreading boundary region.
Introduction
The origin of the Easter Volcanic Chain (EVC), southeast Pacific (Fig. 11 , is a widely debated topic (e.g., [l-7] ). One model holds that the EVC was formed by a mantle plume now located beneath Easter Island [ll. According to this model, the Pacific and Nazca sections of the EVC should have formed simultaneously as the Pacific and Nazca plates drifted apart at a spreading axis located above the plume. This model successfully explains the early stages of formation of the Walvis Ridge-Rio Grande Rise (e.g., [1, 12, 13] ), an apparently similar volcanic feature in the South Atlantic. The timespace distribution of volcanism along the Easter Island-Nazca Ridge ( Fig. 1 ) section of the EVC should, therefore, represent a record of Nazca plate motion. The corresponding 'mirror image' of the EVC on the Pacific plate should then document Pacific plate motion (Fig. 1, Table 11 , but K-Ar ages do not become systematically younger between Sala y Gomez Island (1.94-1.3 Ma) [2, 8, 9] and Easter Island (3.0-0.3 Ma) [8, 9] , as is predicted by such a model. It has been proposed that a mantle hotline (attributed to mantle rolls [14-163) might be upwelling along the EVC [2] , leading to concurrent volcanism at multiple sites along the chain. In addition to the EVC, mantle rolls have been called on to explain other hotlines on the Pacific plate [ 17,181. A modification to the Easter Island plume model suggests that a plume is upwelling in an intraplate setting, east of Easter Island [3-S] , following an earlier and more general 'pipeline' channeling model [ 191. Three locations have been proposed for an intraplate plume: -725 km east of the Easter microplate [5] , Sala y Gomez Island [4] , and -360 km Table 2 ) and GS7202 (0) sample site and associated K-Ar age data [2] . Age ranges for Easter Island [8, 9] (Fig. 2 and Table 2 ) and Sala y Gomez Island [2, 8] are shown along with "'Ar/ "9Ar age ranges for submarine volcanism west of Easter Island and for Crough Seamount ( Fig. 2 and Table 2 ). Seafloor age anomalies are shown as long narrow lines, along with associated Chron numbers [lo] . Solid shading represents features that are equal or shallower than 3000 m, as derived from Digital Bathymetric Database 5. Outline of East Pacific Rise and Easter and Juan Femandez microplates are from [7, 11] . The shaded disk at Sala y Gomez Island indicates our minimum estimate of the size of the zone over which the upwelling EVC plume is impacting against the base of the lithosphere, see text for further discussion. Sample locations and descriptions are in Table 1. east of Sala y Gomez Island at N 102" [3] . Geochemical evidence points to sub-lithospheric channeling of material from a plume, located at Sala y Gomez Island, to the East Rift of the Easter microplate [6] . More recently, side-scan mapping has revealed three large areas of young, low relief, volcanism consisting of fresh lava flows and young volcanoes falling along, and to the north of, a line through Easter and Sala y Gomez islands [20] . The three main areas mapped are west-northwest and northeast of Easter Island and at 25"5O'S, 104"2O'W, to the northeast of Sala y Gomez Island [20, 21] . To establish which, if any, of the above models is more applicable to the EVC, the R/V Sonne dredge sampled the Nazca Ridge-Crough Seamount section of the Easter Volcanic Chain in 1992 122-241. Reported here are the results of a high precision "OAr/ 39Ar study (Fig. 2, Table 2 ) of plagioclase separates from selected samples (Fig. 1, Table 1 ).
Analytical technique and results
Samples most suitable for "OAr/ 39Ar dating were selected after careful inspection of thin sections. Plagioclase separates were cleaned in 6% HF for 6-10 min, followed by ultrasonic washing. Between 13 and 75 mg of plagioclase was packed in 99.9% pure aluminum foil packets, each of which was secured in one of a series of custom-drilled holes in a 99.95% pure aluminum disk. Sample disks, interspersed with a 3-dimensional array of 27.92 Ma TCR (856003) sanidine monitor [25] , were secured together and then sealed in an aluminum can and irradiated for 1.5 h at a reactor power of 1 MW in the Cd-shielded CLICIT facility [26] of the TRIGA reactor at Oregon State University, USA.
TCR standard was measured between 3 and 5 times for each monitor position in the stack. The reproducibility on TCR was about 0.3%. J values range from 0.0003641 to 0.0003985. The appropriate J value and associated error was extrapolated for each sample position using a 3-dimensional leastsquares cosine plane fit (C. Hall, unpublished, and Bogaard and Schimick in press). The uncertainty on each individual extrapolated J value is 0.12%. The maximum horizontal variation across the disk stack was < 2% and the maximum vertical variation was 9.5%.
Aluminum packets containing plagioclase samples were incrementally heated at Stanford University, in a UHV resistance furnace and gas released analyzed in a MAP216 rare gas mass spectrometer. The technique used is similar to that outlined in [27] , with the exception that electron multiplier current was measured directly using a Keithley 617 electrometer. The sensitivity was -2E -14 mol/nA of multiplier current. A mass discrimination of 292.6 (used in reducing all data) was estimated by repeated measurement of air samples. Blanks were measured at regular intervals, normally once per day before starting analyses at 8OO"C, lOOO"C, 1200°C and 1400°C. An estimate of the background is 4E -16 mol 40Ar, 2E -17 mol 39Ar and 1E -17 mol 36Ar, at temperatures up to 1200°C. 40Ar and 36Ar increase exponentially in an atmospheric ratio to about 2E -15 mol 40Ar by 1400°C. Isochrons have been calculated as inverse isochrons using York's least-squares fit, which accommodates errors in both ratios and correlation of errors [28] . A summary of the results is shown in Fig. 2 and Table 2 . Full data tables are given in the Appendix.
Time-space distribution of EVC volcanism
@Ar/ 39Ar and published K-Ar ages become systematically younger between the N 26 Ma Southwest Nazca Ridge and the Sala y Gomez Island/Easter Island region (Fig. l) , indicating a plume origin for the EVC. The time-space distribution of volcanism along the EVC should, therefore, record the speed of the Nazca plate for the past N 26 Ma (Fig. 3) . However, in order to calculate velocities and total reconstruction poles for the complete 0-N 26 m.y. time period, the EVC plume needs to be located; that is, where the vertically rising mantle plume is impacting against the base of the oceanic lithosphere. As discussed earlier, three locations have been proposed for the EVC plume: Easter Island [ 11, Sala y Gomez Island [4, 6] and some 360 km east of Sala y Gomez Island, at N 102"W [3] . We have evaluated our data using these three proposed locations of the EVC plume-hotspot (Fig. 3) . A 30 Ma K-Ar age [2] for the eastern end of the Sala y Gomez Ridge is significantly older than the 22.0 + 0.5 @Ar/ 39Ar age reported here from the same region. We have not included this age in our study because a submarine whole-rock sample > 20 Ma will probably be too altered to be reliably dated using the K-Ar technique. However, as seawater alteration usually results in measured ages being too young (due to a loss of radiogenic argon from alteration products and the addition of potassium via seawater weathering), this may not fully explain an older K-Ar age. Nonetheless, we use the much more reliable 40Ar/ 39Ar age measured on plagioclase. A younger whole-rock K-Ar age of _ 8 Ma has, however, been used in this study, both because it is significantly less altered and because the analysis has been duplicated. The time-space (i.e., distance from Easter Island) distribution of EVC volcanism is linear to a first approximation (Fig. 3a) . However, the offsets of the Nazca Ridge and 22 Ma Sala y Gomez Ridge sample sites from this overall trend (Fig. 3a) suggest a much slower velocity for the Nazca plate during earlier times. For the purposes of our study we assume that this time of slower plate speed ended at -15 Ma (Fig. 3a) , as there are insufficient data to document this slowdown in more detail. This time corresponds with a major change in plate motion in the South Pacific that occurred between C5 and C7 [lo] . As a result, the Farallon plate split to form the Cocos and Nazca plates and a change in spreading direction occurred, from a northeasterly to a northwesterly direction [lo] . We consider it reasonable to assume that, during this time of plate reorganization and the associated transition from Nazca Ridge to Sala y Gomez Ridge volcanism (Fig. l) , a broad zone of volcanism existed at the eastern end of the Sala y Gomez Ridge, at the intersection of the Nazca Ridge and the Sala y Gomez Ridge (Fig. 1) . As the 22 Ma Sala y Gomez Ridge sample site would have been located on the eastern edge of such a broad transition Table 2 Summary of age calculations from argon isotopic data zone (Fig. 11 , this could explain why it is offset from the overall time-space distribution of 2 15 Ma EVC volcanism (Fig. 3) . We therefore evaluate also the possibility that the N 26 Ma Nazca Ridge age is a more reliable constraint on plate motion than the 22 Ma Sala y Gomez Ridge sample site (Fig. 3a) .
A major problem with an Easter Island plume is that it is not possible to fit a convincing regression line to EVC ages 4 22 Ma or I 14.9 Ma (Fig. 3) when the Easter Island ages are included. In contrast, an excellent fit is achieved for EVC ages I 14.9 Ma when Easter Island age data are excluded (Fig. 3) . This strongly suggests that the EVC plume is upwelling in the region of Sala y Gomez Island or somewhere between it and Easter Island. Another problem with an Easter Island plume is that it leads to a predicted linear velocity of -13 cm/yr ( Fig.  3a and Table 4 ) for recent Nazca plate motion (i.e., -2 1 Ma), much faster than the rate of 4.7 cm/yr (at the latitude of the EVC) predicted by, for example, the NUVEL-1A global plate model for the past 3.2 Ma [29] . Fig. 3b shows the time-space distribution of EVC volcanism based on the assumption that the EVC plume is upwelling under Sala y Gomez Island. Two regression lines are shown, one assuming that a ' Steps used' refers to heating steps included in plateau and isochron age calculations. %j9Ar indicates the portion of the total "9Ar released used in calculating plateau and isochron ages. Trapped indicates the initial @Ar/ '6Ar in samples (atmospheric). change in Nazca plate velocity occurred at _ 15 Ma (i.e., incorporating the Nazca Ridge age) and the other assuming constant plate velocity for the past 22 Ma. In contrast to a model assuming an Easter Island plume (Fig. 3a) , this model is more compatible with a recent slowdown in Nazca plate velocity (Fig. 3b) .
The apparent non-zero K-Ar ages for Sala y Gomez Island might be explained by the significant slowdown in Nazca plate speed, resulting in an increase in the life-span of volcanism at individual locations along the EVC. This is supported by the fact that very young fresh lava flows were observed during the first expedition to the island 1301. An alternative explanation is that the hotspot might be located further to the east.
Submarine volcanism west of Easter Island
40Ar/ 39Ar ages are reported here (Fig. 2 and  Table 2 ) for a chain of three seamounts extending * 200 km to the west of Easter Island (i.e., Moai, Pukao, and Umu seamounts [21, 22] , Fig. 1 ). These ages increase from east (Moai) to west (Umu> (Fig.  3b) , opposite to that expected if the Nazca plate were moving to the east over a plume upwelling near Easter Island. The relationship between Easter Island to Umu Seamount volcanism and the neighboring spreading boundary over the past N 3 Ma is discussed further in a later section.
Other hotspot traces on the Nazca plate
The Galapagos (e.g., [31-331) and Juan Femandez chains [34] are two previously studied hotspot lineaments on the Nazca plate. The time-space distribution of published 40Ar/ 39Ar ages for the seamount section of the Galapagos Chain [32] is shown in Fig. 4a . The distribution of K-Ar ages [33] for the younger ocean island section of the Galapagos Chain is much more scattered, yet clearly suggests a slowdown in Nazca plate velocity (e.g., [32] ) between -5 and 4 Ma. This slowdown in Nazca Table 2 q Fig. 2 . Table 2 20 -
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Distance from Sala y Gomez Island (km) . Also shown is the 0 to I 3.2 Ma linear velocity of the Nazca plate (at the latitude of the EVC) as predicted by the NUVEL-IA global plate motion model [29] . The regression line connecting the Sala y Gomez Ridge (2 14.9 Ma) and Nazca Ridge (25.8 Ma) predicts that Nazca plate speed was much slower (-5.2 cm/yr) than during the subsequent phase of EVC formation ( -13 cm/yr). The short horizontal arrow connecting the 22 Ma EVC age with this regression line indicates the offset of this sample site from middle of the very broad volcanic swath that probably formed during the complex transition from Nazca Ridge to Sala y Gomez Ridge formation (Fig. 1) . &Ar/ j9Ar ages ( Fig. 2 and Table 2 ) are shown as solid or crossed boxes or (errors are smaller than size of symbols, with the exception of 14DS and IZDS samples for which error bars are shown), and earlier K-Ar ages as open boxes. Sources of K-Ar age data are as follows: Sala y Gomez Island [2, 8] ; Easter Island this study, [8, 9] . (b) Time-space (distance from Sala y Gomez Island) distribution of volcanism along the EVC. plate velocity is reflected in global models for plate motions in the hotspot reference (i.e., NUVEL-1A [29] and AMl-2 1351, Fig. 4b ). The Juan Femandez Chain also records this slowdown in Nazca plate velocity, as is shown on combining the time-space distribution of volcanism along the Juan Femandez Chain [34] with that of the Galapagos Seamount Chain (Fig. 4b) . However, in order to make such a direct comparison, an adjustment has to be made for the -33" distance between the Galapagos and Juan Femandez chains. This is because the linear velocity of a plate (i.e., the length of hotspot trails) increases with greater distance (to a maximum at 90") from the rotation poles reconstructing its motion. We have used the published poles for recent Nazca motion, NUVEL-1A [29] , AMl-2 [35] and 3Pl [ll] , to make this adjustment (Fig. 4b) .
EVC, Galapagos and Juan Fernandez hotspot chains
The Juan Femandez (0 to -4 Ma) and Galapagos Seamount ( -5 to 9 Ma) chains have been used Distance from active hotspot (km)
to evaluate the time-space distribution of EVC volcanism (Fig. 5 ). As discussed above, a suitable rotation pole for Nazca plate motion must be used to adjust the lengths of hotspot trails to a common latitude so that they can be compared directly. The older section of Sala y Gomez Ridge trends at -90", in contrast to the -70" trend of the more recent Sala y Gomez Island-Sala y Gomez Ridge section of the EVC (Fig. 1) . A pole located between AMl-2 and 3P1 (i.e., -59%; lOloW) best reconstructs Nazca motion in accord with this older section of the EVC. In contrast, the 3Pl [ll] rotation pole best agrees with the trend of the younger Sala y Gomez Island-Sala y Gomez Ridge section of the EVC and that of the Juan Femandez Chain. This apparent change in pole location occurred sometime after 8 Ma (Fig. 1 ) and may well have coincided with the slowdown of the Nazca plate at -4.5 to 5.5 Ma (Table 4) . For the purposes of our study we have used the pole at 59%; 101"W to adjust the lengths of the Galapagos Seamount Chain. However, using the 3Pl pole to make this adjustment produces a basically similar result (i.e., 12.7 cm/yr, as op- Distance from active hotspot (km) Fig. 4 . (al Time-space distribution of published 4oAr/ s9Ar ages for Galapagos seamounts [28] and K-Ar ages for Galapagos Islands [33] . The location of the active Galapagos hotspot is assumed to be at the Island of Femandina (0'2l'S; 91'30'W). Our preferred linear regression tit to Galapagos Seamount data (solid line) excludes some data with large errors (shown as vertical lines). The more recent linear velocity of the Naxca plate at the latitude of the Galapagos Chain has been calculated using the formula V= o sin 4 (w= angular velocity, 4 = angular distance from rotation pole, and V = linear plate velocity) and rotation poles for Naxca plate motion over plumes; i.e., NUVEL-IA [29] , AMl-2 1351 and 3Pl 1111. (b) The recent velocity of the Nazca plate has also been calculated on the basis of the time-space distribution of volcanism along the Juan Femandez Chain, as defined by published K-Ar age data [34] and the assumption that the hotspot is currently active at Domingo seamount (33"57.5'$ 8l"SO'W) [22] . Three published rotation poles (NUVEL-IA (291, AMl-2 [35] and 3Pl (111) have been used to adjust the length of the Juan Femandez Chain so that it is equivalent to that which would have formed at the latitude of the Galapagos Chain. posed to 12.9 cm/yr predicted by the 59"s; 101"W pole).
Combining EVC, Galapagos and Juan Femandez data (Fig. 5a) shows that the length of the EVC, calculated on the basis of an Easter Island plume, is not similar to the Galapagos and/or Juan Femandez chains. In contrast, assuming that there is a Sala y Gomez Island plume results in much better agreement (Fig. 5b) Distance from Sala y Gomez Islatxlhotspots 0 500 Ical 1500 2ow 2500
Distance from 104" 20' W a great number of fresh lava flows and recent volcanoes on the seafloor at 25"5O'S; 104"2O'W l-201. This indicates that a plume might also be located N 110 km to the east of the island of Sala y Gomez (following the suggestion that there is a plume N 3.3" east of Sala y Gomez Island [3] ). Based on this assumption, excellent agreement can be achieved between the EVC, Galapagos and Juan Femandez hotspot trails (Fig. 5~ ). This result is compatible with an upwelling EVC plume forming a broad region of hotspot volcanism, encompassing at least Sala y Gomez Island and young recent volcanism N 110 km to the east (Fig. 1) .
Possible underestimation of EVC ages
Samples from seamounts and ridges discussed in this study were recovered by dredging. Therefore, the possibility exists that these samples represent younger surface volcanism, whereas the oldest phases of volcanism at a particular sample site could be I 3 Ma older. We have considered the possibility that such an underestimation might account for the difficulty in explaining formation of the EVC by an Easter Island plume (Fig. 6) . Although the timespace distribution of adjusted EVC ages (i.e., +3 Ma, Fig. 6 ) does, indeed, suggest that the EVC plume could be located under Easter Island, there (Fig. 3a) , and along the Galapagos and Juan Femandez chains (Fig. 4) . The time-space distribution of Galapagos age data (5) have been changed '@ such that it is equivalent to that which would have been formed had the Galapagos formed at the same latitude as the EVC. This adjustment has been made using a rotation pole located midway between 3Pl [Ill and AMl-2 [35] (i.e., 59%; lOloW); see text for further discussion. The Juan Femandez Chain has been similarly adjusted using the NUVEL-IA [29] rotation pole for recent Nazca plate motion over plumes (using 3Pl or AMl-2 would produce a similar result). Also shown is the predicted velocity of the Nazca plate at the latitude of the EVC predicted by the NUVEL-IA model [29] . (b) Similar to (a), except that the EVC plume is assumed to be under Sala y Gomez Island. (cl Similar to (a) with the exception that the EVC plume is assumed to be located at 25"5O'S; 104'2O'W. the location of recently mapped fresh lava flows and recent volcanoes [20] . The long solid regression line shown (') has been fitted to Sala y Gomez Ridge data >8Maand 114.9Ma.
are, nonetheless, a number of serious problems with this model. We must make the special, and perhaps unreasonable, assumption that the sampling of the Galapagos Seamount Chain has not been similarly biased towards young volcanism. In addition, the recent slowdown in Nazca plate velocity (e.g., [29] ) is not compatible with, this model and a m 3 Ma upper age for Easter Island (Fig. 6 ). We therefore consider that a plume in the Sala y Gomez Island region better explains formation of the Sala y Gomez Ridge-Nazca Ridge section of the EVC.
Nazca plate motion for the past -26 Ma
The time-space distribution of EVC volcanism and linear velocities of the Nazca plate are in Tables  3 and 4 . The speed of the Nazca plate between N 15 Ma and when the Nazca plate slowed down is about 13 cm/yr, irrespective of where the Easter plume is currently upwelling (Table 4) . However, estimating when this slowdown in Nazca plate motion began depends very much on where the EVC plume is located and on the assumed speed of the Nazca plate following this latest velocity change (Table 4 ). Our preferred model (Fig. 5c ) points to this slowdown having started at about 4.5 Ma, assuming a NUVEL- Distance from Easter Island /hotspots 1A estimate of Nazca speed (Table 4 ). An earlier (2 15 Ma to < 26 Ma) slowdown in Nazca speed is also apparent (Fig. 3) . Our estimates of Nazca pIate rotation angles subtended since u 26 Ma (i.e., the distance between dated EVC samples sites and zero age volcanism above the plume) also vary according to where the plume is located ( Table 3 ). The rotation pole that best reconstructs Nazca motion in accord with the w 90" trending section of the EVC (i.e., 59%; lOloW) is located -86" from the EVC. Therefore, estimates of the linear velocity of the Nazca plate based on the time-space distribution of volcanism along this section of the EVC must also approximate the angular velocities of the Nazca plate (Tables 3 and 4 ).
Plume hotspot versus plume channeling volcanism along the EVC
The tectonic setting of EVC plume volcanism over the past N 26 Ma is shown in Fig. 7 . "oAr/ 39Ar dating (Fig. 2, Table 2 ) indicates that Crough Seamount [22] , part of the EVC west of the Easter microplate (Fig. 11 , is between 7.6 f 0.2 Ma and 8.4 Ma + 0.1 Ma (Fig. 2, Table 2 ). Comparing Pacific seafloor and Crough Seamount ages clearly indicates that this section of the EVC formed in a tectonic setting near the spreading boundary (Fig. 7) . In contrast, the section of the Sala y Gomez Ridge contemporaneous with Crough Seamount, formed in an intraplate tectonic setting (Fig. 7) . Clearly, this is unlikely to have happened had the EVC plume been upwelling close to the spreading axis between the Pacific and Nazca plates (i.e., an Easter Island plume). This suggests that the model of a plume upwelling under Easter Island is not appropriate. We interpret this as supporting evidence for a plume in the Sala y Gomez Island region that has been channeling plume material to the Nazca-Pacific spreading boundary [5, 6] for at least the past 7.5-8.3 Ma.
Limited K-Ar age data show that Sala y Gomez Island formed at N < 2 Ma [2, 8] in an intraplate setting (Fig. 7) . In contrast, initial construction of Easter Island would appear to have occurred close to a spreading axis (Fig. 7) . Volcanism has continued to erupt on Easter Island until at least 0.13 + 0.02 Ma (Fig. 2, Table 21 , in a progressively more intraplate setting (Fig. 7) . Near to Easter Island, Umu Seamount began to form at N 2.4 + 0.5 Ma, most likely very near to the East Rift of the microplate (Fig. 7) . In contrast, Moai and Pukao Seamounts erupted in a Table 4 Linear velocity of the Nazca plate at the latitude of the EVC Time span linear velocity (cm/yr) Easter Island plume (Fig. 50) oto-1 4.1 -1 to 14.9
13.3 14.9 to 25. Distance from Sala y Gomez Island (km) Fig. 7 . Comparison of the time-space evolution of EVC volcanism ( Fig. 5b) with that of surrounding Nazca and Pacific seafloor. Seafloor ages have been derived from both average rates of Nazca and Pacific relative plate motions [IO] and anomaly age picks located to the north and south of the EVC [7] [lo]. Age range for Crough Seamount are from Fig. 2 and Table 2. more intraplate setting between u 0.23 + 0.08 Ma and -0.6 + 0.2 Ma, respectively. So, although we cannot establish exactly how the EVC between Sala y Gomez Island and the Easter microplate formed, the interaction between channeled EVC plume material and spreading axes/microplates has been an important factor.
Discussion
The location of the upwelling EVC plume most in agreement with all available age data is in the general region of Sala y Gomez Island. This is compatible with an upwelling EVC plume forming a broad region of hotspot volcanism encompassing at least Sala y Gomez Island and young recent volcanism about 110 km to the east. Combining information about the time-space distribution of volcanism along the EVC, Juan Femandez and Galapagos chains allows us to reconstruct Nazca plate motion relative to an assumed fixed hotspot for the past N 26 Ma (Fig. 5c and Table 4 ). This result provides new supporting evidence for the permanence of mantle plumes, at least under the Nazca plate. The possibility that ages reported here significantly underestimate the duration of EVC volcanism seems remote.
Irrespective of where we assume the plume to be upwelling along the EVC, we calculate a speed of _ 13 cm/yr between N 15 Ma and until the start of the most recent slowdown of the Nazca plate [29] . This robust determination of linear plate velocity can also be taken as an estimate of angular plate velocity during the formation of the section of the EVC orientated at -90". It is unclear as to when the trend of the EVC changed from N 90" to N 70". However, it must have occurred at < 8 Ma, and probably in association with the most recent slowdown of the Nazca plate. Determining when this slowdown began is dependent on where the EVC plume is upwelling and the estimated speed of the Nazca plate following slowdown. Our preferred model ( Fig. 5c and Table  4 ) suggests that the latest slowdown began at either 5.5 or 4.5 Ma, depending on whether we use Nazca speeds predicted by the NUVEL-1A model 1291 or the time-space distribution of Juan Femandez Chain volcanism. As the NUVEL-1A is a globally tested model, we prefer to take N 4.5 Ma as our best working estimate.
West of the proposed plume, EVC formation (on both the Nazca and Pacific plates) is unrelated to plate motion over a plume and is best explained by plume channeling. The actual mechanisms by which this section of the EVC formed are not yet clear, but interaction between plume material and spreading axis/microplate boundaries apparently played a significant role.
A variation on the plume channeling idea is that the impacted EVC mantle plume might have spread out into a broad region of up to 1000 km in diameter [36, 13] . In addition, the suggestion that a second hotspot is located in the Crough Seamount region (i.e., hotspot 2 [4]> is not ruled out completely by this study. Although our results are most compatible with the model of an upwelling plume in the region of Sala y Gomez Island, we have, as yet, no direct evidence to support a vertically rising plume. In the absence of such direct evidence, the possibility still exists that a very broad region of anomalously hot mantle, unconnected to the lower mantle via a plume conduit, exists under the EVC region of the Pacific (e.g., [37, 38] ). This would require that this region be fixed in the mantle over long periods of time and that formation of the section of the EVC that records Nazca plate velocity is, in some, as yet undetermined, fashion, controlled by weaknesses in the lithosphere. 
